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> UMM A RY 


The longitudinal and Interal stability derivatives for the Stinson 
L—-5 airplene were obteined from non-oscillatory steady state flight 


technique as described in Reference 1. These derivatives sre Cn ; 
&;, 


2 


r 
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velues of these derivetives, obtained from flight test, cre comp: red 
with the values of these parameters comnuted from theoretical formulae 
where possible. The comparison of the flight test and theoretical re- 
sults presented a criterion of the effoctiveness of the steady steate 
Plight technique for determining stability derivatives, 

The damping in roll, 7 was not iebenienna due to the lack of 


the necessary equipment. 





OBJECT 
The object or this investigation was to determine the Interal and 
longitudinal stability derivatives of the Stinson L-5 airplane using 
the non=oscillctory steady state flicht test technique. By compcrine 
the exserimental values of these derivatives with values calculated by 


means of the theoretical aoprosch, it is hoped that some evalustion of 


the flight test techniques employed can be made. 


DATE AND PLACE OF INVESTIGATION 


This study was conducted during the veriod extending from Janucry 


ds 


to May, 1952 at Princeton University, Princeton, New Jersey. Equipment 


and facilities of the Aeronautical Encineering Depcrtment were used, 





INTRODUCTION 


Plicht testing of airplanes for their serodynamic characteristics 
is usuclly done in one of three Ai seat methods; namely, the steady 
state frequency response testing, the trensient ressonese testing ond 
the non-oscillatory steady state flight testing, Measuring tho fre- 
quency response of an sirplane to its contrels by the steady oscillation 
technique or the deduction of the frequency response, Prom the treansicnt 
response technique, requires a great deal of expensive instrmentation 
of a compliceted neture and accurate data reduction. Exact knowledge 
of the oirplane's mass and inertia choracteristies further complicates 
the frequency response method. On the other hand, noneoscillatory 
steady state flight testing requires a minimum of simple low cost in- 
strumentotion end enables ae more precise data reduction. However, 
the flight time needed to obtain steady state data may preclude its 
use to eirplanes of short endurance; whereas, the Plight time needed 
for each frequency, using oscillatory techniques, is relatively short. 

The Stinson L-5 of this investigation, or any of the conventional 
ofrolanes, is well suited for the non-oscillaotory steady state flight 
technique of testing. It is with some of these procedures thet this in= 
vestigation will deal, | 

The longitudinal stability derivatives, elevator pvower and damping 
in pitch, are determined from unaceelerated and caecelerated flicht trin 
curves. An attempt was made to show the variction of these derivatives 
with the pitchins velocity of the eirplene and to explain their changos 


showm when plotted ot various lift coefficients. 





Leteral derivatives ere devermined Prom siiidding turns and steady 
gideslin maneuvers. Known momentc, introduced by uso of a towed drorue 
end a wing weight, aro used to deters:ine rudder power and aileron vower, 
respectively. The eae in roll wes not dcetezmined due to the unavail- 
Speeaty of & rate ef roll instrment. 

Comparison with results computed Prom analytical equations sives 
some insight as to the accuracy and usefulnecs of this methed of determin- 


ing stability dorivetives. 





BQUISMENT 
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The instrumentation uced for this investigction is listed and 
described below. <All of the instrimeont- were calibrated by standard 
procedures. 
he Airanzecd Indieator: 

The cirotveed indicator wae < ctendard sen itive type instriment 
connected to a full swiveling vitot-st tic hocd. 

2. Altimeter: 
ne altitude wes mensured by 2 standard sensitive tyne cltimcter. 
4e Accelerometer: 

The accelerometer consisted of a slass tube 20 inches lonz, a 
mall coiled spring and a 75 grem steel weicht. One end of the spring 
was attached to the top of the gl«ss tube and the Pree ond was attached 
to the weight. Both onds of the tube were soaled to provide damping. 
2. Leeurmsent fac calibrated With a corréction considéréd for tne 
mess of the springs. 


4. Elevetor, Rudder ond Aileron Indicators: 


These instrumonts were controlled by 26-volt, 400 cycle a-c autosyn 
tronemitters linked to the resoective control cables. The autosyn follow- 
ers were calibrated to give the control deflections in degrees. 

Se Yaw Indicator: 

A you meter was attached to the port wing with a boom extending one 
enord length ahead of the leadinc edre. Tho yay vane was feared to a 
24 volt, 400 cycle o-c sutosyn transmitter. The nutosyn follower was 


calibrated to give ancle of yew in derrees. 





6. Strein Gaure Mecsuring Device: 


This instrument was used to measure the draz of a towed drogue. 
It consisted of a bridge circuit heving four strain reuges mounted on 
oeoueel Ting. The rim esserbly was mountéd on the lif strut fitting 
and was connected to the drogue tow line by the cockpit-controlled re- 
lesse. Static weirhts were used in the calibration of this system. 
Appendix IV contains the wiring dingrem, strain gauce sketch and the 


calibration chart. 





PROCEDURE 


Airplane control powers are the most important cerodynemic chereacter- 
istics or derivatives that must be determined accurately by flight testing. 
The major flying controls are the elevator, rudder and ailerons. They 
produce pitening, yawing snd rolling moments, respectively, proportional 
to their control power. Once the control powers are determined other 
stability derivatives can be a¢curately evaluated. In some cases the con- 
trols cause secondary moments that have a marked effect on the valuos doe 
termined for certain derivatives, 

Lonsitudinal 

The flight test data needed to evaluate the elevator power, Om, » and 
the donping in pitch, C.gg, 15 very similer for both derivatives. The 
elevator power requires curves of elevator angle versus equivalent sire 
sveed for several center of gravity locations. The damping in pitch of 
the airplane is determined from the same data with additional trim 
curves for accelerated flight paths. Accclerated flight, in a steady 
banked turn, establishes a rate of pitch about the Y-axis. 

The three center of gravity locations used for the longitudinal 
flight testing are computed and shown in Appendix II, These ces. posi- 
tions were numbered consecutively with #1 c.g. being the most forward. 
They were obtained by fixing external weights on the fuselcarce near the 
teil. The speed rense, starting at the stall and going to 1350 mep.he 
indicated, was limited by engine REM. Constant power, estimated at 75% 


normal rated, wos used during these tests. However, the power did 





ll 


vary slightly as the airplane was climbed or dived to maintain the de- 
sired airspeed. To eliminate the elevater tab effect the tab was trimmed 
to zero deflection for all longitudinel tests. | 

Flots of the flight data taken for these tests are shown in Pigures 


1, 2 ond 3 as curves of 6 versus V The lag ond 1.6¢ data was some~ 


a? 
whet difficult to obtain st snoeds from S0 to 100 mepehe due to the 
slipstream being encountered in the circul-r flight peth. To ret the best 
possible data tho flights were made at sunrise and shortly theresfter to 
evoid amr turbulence of the air. 
Leteral 

The lateral stability derivatives were determined by performins two 
non=oscilletory steady stete Plicht maneuvers. First, 2 straight side- 
slip was flown in which the aileron angle, rudder ansle and angle of 
baric weré mencured et various ongles of sideslin. Second, a skidding 
turn maneuver was Tlown in which the eileron angle, rudder ames end 
rate of turn, Ww , were measured for various angles of sideslio. These 
meneuvers were verforned at an altitude of 5000 feet eat an oquivalent 
airspeed of 100 miles per nour using seventy-five per cent of the normal 
horcepowers 

At high angles of sidesiip, during both of these maneuvers, momentary 
engine failures were encountered due to the loss of fucl flow. The fuel 
flow difficulty wes possibly caused by a ee created ct the fuel vent 
tubes or the sticking of the carburetor float valve due te wear in the 
Plost hinge. This situetien discourared extonsive investigation of lateral 


flight at other speeds. 








Tne straight cideslip maneuver was performed by use of the directional 

gyro to maintain a heading. This technicue was used for three configura- 

tions; noemely, the airplane "clean", a weight on the right wing lift 

strut and a sleeve-drorue attached to the right wing strut. Figures 

4, 5 and 6 show the plotted data of these tests, To provide a lmown 

torque about the X-axis, a weight was attached to the richt wing at 

9.05 feet from the Xecoxis. <A dimensionclly similcr plece of wood was 

attached to the same station on the left wing giving a net weight of 

29 pounds on the right wing. This configuration was used to anyone 

the alleron power. Tho third configuration consisted of attaching a 

sleevo-drogue, h:ving the necessary struin geuge components, to the 

right wing lift strut ot a distance of 9.0/5 feet from the X-axis to 

introduce a !mown yewing moment about the Zeaxis. Prior calibrction 

of the strain gauge enabled the determin tion of the actual drag: at 

the moment of the test. The drag was found to be 41 pounds. Rudder 

control power was determined from the data obtained during testing this 

flight conficuration,. 

The slidding turn technique was performed by use of the gyro horizon 

to maintain a wing level ettitude of the airplene. Flotted on Fircure 7 

are the control deflections measured at each sideslip angle durin; this 

moneuver. To determine the rate of turn, yw, the airplane was timed 

through en observed mmber of decrees turn on the directional ryro. 

This method is liable to error but sufficient dota was tcken to estoblish 

a correct slope. The results of turning rate versus angle of sideslinv 


are shown on Figure 8, 
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RESULTS AND DISCUSSION 


Lonritudinal 


C0 ; 
M5 


An airplane is in equilibrium if the gum of the moments acting upon 
it, about any chosen reference line, is zero. When the airplane is 
tested at three different center of gravity locetions, it will produce 
as memy difforent moments about a given reference line due to the weight 
CLT tre In flicht these moments, acting on the airplane in the lonritudinal 
plene, must be balanced by a moment produced by the deflected elevator. 
The deflection of the elevoter chances the effective angle of attack 
of the horizontal toil, tnus changing the tail lift; the result is a 
moment ebout the reference axis. The magnitude of the pitching moment 
coetficient produced by the control, per desroe doflesction, is a neasure 
or the elevator power, Ora e 
For this investigation the elevetor power was evaluated from flight 
deta by three methods, The first mothod is considered approximate and is 
described in Reference 1, If the assumption thet the asirclane lift coe 
efficient equals the wing lift coefficient is made, the moment equation 


about the Yeeaxis becomes: 


Cm, aes 7 C,. a = 12 


e 


OX 
Cling. — Cy ae Ons 


From the uneecelernted stick fixed trim curves of elevator angle versus 





equivalent airspeed for the three c.g. locations, plots of & versus Cl, 








were meade as indicated by Fisure 9, At a given lift coefficient the 
6levetor angle ré@quired for a civen shift in c.f. can be determined. The 
evaluation of elevator power con be made accordine to the above edauction. 
The results of this method of determining elev.ctor power ere shown plotted 
on Figure 17 being labeled "“approximete equation". 

| The above method is only epproxim:te since no correction was mode 
Per the chenge in cirplane lift caused by the elevator. The second 
method corrected te the ditt dué to the elevator. T6 efplain this 
effect consider an airvicne flyins in ecuilibrium at a given oirplane 
lift coefficient. The total lift represented by the lift coefficient 
is the sum of the contribution of the wing and tall equalling the weicht 
of the eirplene. If the center of grevity is moved aft and the same 
airolane lift is to be maintained, the wing lift must decrease by the 
amount tn t the teil lift inereases to maintain «nm ecullibrium of nitche 
ing moments. The wing lift will be decreased by changing the wing angle 
of ettack with the elevator. At the same lift, the distribution of the 
lift between the wing ond tail will be ech:need; therefore, the assumption, 
that at a constant airplane lift coefficient the wine lift cocfficient 


Wei ol@o oe conmttant for an c.g. movement, is incerrect. 


iene + Le 


-—— 4 —— } * 


C J. {x XC. 


Mae. | wd 
see a 8 nS 4 ee - a = = = a ——- 








. 
Bae 22.0 = (2-4) 1 & =O 


€ 









For érnat/ Chanaes 
ot 





= > (ah) 1. Ze =O 





@ —4 ~(@-A)L, “2% =0 






Combining (/) 










o ASS: 





A = = ASS, _— ern a 

fej 4 = CO 4 =~ Gn 
La? JL, “a dé, a 
d he ae epee 





By substituting 






— = TA Abo 





To determine the corrected clevator vower the -lo e 2% was measure 
“a 


Pa 2t Warione Lift coéffriciente for Gach ces. Curve. To devernine the 







slove oo » the neutral point: were obtained from Figure 15, which is 
Ye 
a plot or aes versus Xq,./Ce» Since h/e is the dif.erence between the 


te Be 


neutral point and the ces. rosition, Ficure 14 gives the derired Thm 
(F 


The corrected values of elevator power for the three csr, positions -re 























shown plotted on Figure 17. They are larger than the approximate method 
results since disregarding this lift chenge gives an underestimated 
value Yor eo « The increment between the constant c.s. curves was 
caused by the changes in tail length. This is proven by comparing the 
per cent of chence in elevator cower with the per cent in tail length. 
Elevator power is directly provortionel to tail length. 


A third method of deter~ing O, with teil 1LiM effect coneizered, 


iS S 
wac devised to detemrine the extent of any non-lineerities of elevator 
due to pitching velocity, de, and ces. changes. In order to meke the 
evaluction a plot of Cy, - Xo--/¢ ~- de versus 6 was established. The 
pitchine velocity ia defined in operator form in accordance with Reference 1 
as 

de = 4¢,, (1- 1/n*). 
The values of 4 versus Vg , 25 shown in Figures 1, 2 and 3, were plotted ‘ 
in terms of 6.versus Cy), as shown in Firures 10, ll ond 12. Taking data 
directly from the ictter curves gave a very limited range of usable data. 
This difficulty wos avoided by meking a pict of é.versus defor cefe 
positions as shown in Ficure 15. By taldng a cross-plot from Figure 15 
and malcing the nocessary calculations, the curves of Oy, - Xoafe — de 
vercus & for d@ © O, Osl and 0.2 were plotted on Ficure 16. An ouxiliary 
plot of de = 0.05 and 0.15 was usod to establish moro data, but was 
not included in this renort. Velues of a ond lean measured, as 
illustrated by Ficure 16, for constant values of lift coefficient, pitch- 
ime velocity and c.g. position. The clope oo constant for each lift 


coefficient and %% is port of a small corrective term which varied slightly 


ta * 








with center of gravity locetion. Therefore, the evalusted elevator 
powor was plotted for only one c.g. position, Xqp/C = 0,368. The 
elevator power versus lift coefficient curves for constant pitching 
velocity is shown plotted on Fisure 15, 
When the d@ = O curve of Ficure 15 is compared with the curve 
for the came cere of Ficure 17, it is noted thet ct high 1ift coefficients 
there is a marked discrepancy. It is believed that the curves of Figure 
18 are the more representative in this range since the data used in com 
puting the curves of Fisure 1/7 was limited in this re-ion. No attempt 
was made to replot the dats in another form to extend its useful range. 
Other than as noted above, the comparison of values is reasonable in 
the light of the fact that slopes were multinlied during the computations. 
The anelytical computation for elevator power was determined in 
accordance with Reference 2. 
Cm, =-a V YA Te 
=~ (082).7/7)(1)(.6) 
Se Oa oe 


The analytical value is plotted on Figure 17 for a mean c.g. location. 
This value compares to within less than two per cent of a corrected 
On for a comparable position and syeed. If account could be made for 
the change of tail efficiency with o variation in lift coefficient, it 
1s expected thot the analytical valuc for elevator power would give 
close correlation ot the other lift coefficients, 

With a fixed piten propeller it is impossible to maintain constant 


power over the speed range investigated. At a low lift coefficients 


6 








the propeller RPM increased and at high lift coefficients it dropped off, 
This variation of RPM obviously effected the tail efficiency causing a 
veriation of elevator power with lift coefficient. 

Considering the variation of elevator power with pitching velocity, 
as shown in Ficures 18 and 21, it is observed thet elevator power increases 
as the airplane's pitching velocity increases to d86 = 0,05, As the 
pitching velocity is further increased the elevator power gradually 
decreases until at d@ = O.2 the value is less than ot d9 = Q, This 
particular variation of elevator power indicates that the toil has gone 
through the slipstream center. The increased variation at high lift coeffi- 
cients validates this reasoning. In accordance with Reference 1, this | 
slipstream and wake effect is due to the chances in downwash and toil 
erficiensy with pitching velocity and lift coefficient. FPurther investi- 
getion would be necossary to determine the respective effects of tail 
erfictiency and downwach with a variation of pitching volocity,. 

The stick fixed trim curves are among the most accurate data that 
may be obtained from flight testing en airplane.: The pilot technique 
is relatively simple and the accuracy depends primarily on how accurate 
the elevator angle and airsveed can be measured. Accurate instrmentation 
is, therefore, a necessity. The use of this deta to evaluate the elevator 
power vroduces recults that are in good agreement with theory, The second 
method to obtain the elevator power is the most accurate, This method 
corrected for the tail lift, which is a refinement of the first approxi- 
mate method. The tnird method is liable to errors since three slopes 
were used in the eeleulstion. This particular evaluction, howover, is an 


aid to determine the variation of olevator power with the parameter o/O 2 








Ondo 

An ecirplene in a straight, uneccelerated flight path is in equili- 
brivm at a particular trim lift coeffieient. That is, at each trim point, 
the lift is oqual to the weight and the condition that ov" equals a 
constant is maintained. As the airplane speed is increased or decreased, 
the lift will change eccordingly and require the elevator to maintain 
the equilibrium situation. The unsccelerated flight equilibrium of pitch= 


ing moments is 


Cin, = Ge Le (SE) Ls G, + Cr Aon 
vi 2 
C Vik 
If the airplone is placed in a steady turn, the lift must increase 


to provide a vertical component equal to the weight. This increase of 
lift taken place with no change of sneedg and the elevator needed for 
enuilibrium of pitching moments is different than the change of lift 
for the constant ov" case. This difference occurs, since the lift is 
inereased with the svoed bein- constant in the steady turn; therefore, 
the curved flicht poth will produce a rotetion of the airplane about 
its Y-axis with the introduction of ao demping moment. This damping 
moment ie onvoosed by the elevator lift increment. The magnitude of 
the domping moment can be ostimated since this elevator change can be 
_seprrated from the elevator needed for unaccelerated flight. (See Figures 
1, 1) and 12) 

If the demoin: derivative is exoressed in the coefficient forn 


Onde » the equilibrium of pitching moments for accelerated flight is 








20 


‘7r) C.o, 


-. ar, * (See) + 4 Cm SI + On 6, 
With the eirplene lift coefficient defined as 
Orn = en W/S, 

the lift coefficient for the accelerated faba will be greater than the 
unacoclerated flight by the cmount of “¢" at a riven speed. Ficures 
10, 11 and 12 are elevator angle versus airplane lift coefficient curves 
token from the elevator angle versus equivalent velocity curves for the 
steady — The increment of elevator angle between the leg and any 
of the accelerated flight curves for a particular c.z.e location will be 
that increment of clevator angle required to overcome the dampin; in 
pitch of the airplane. If no demping moments existed the curves of ele- 
votor angle versus lift coefficient would coincide for the various g's 
since a riven elevator angle would produce the sane lift at any accelera- 
tion. This asstwmes thet va oirplane's static stability does not vary 
with the different slipstream characteristics encountered in obtaining 
the datae 

If stability variations are nezlected, then at any lift coefficient 


the equilibrium condition is given by 


46 
Cin ce Crmg A &e 
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The damping derivative was determined by the above method and the 
results are plotted for e variation of lift coefficient in Ficure 19, 

As the damping in pitch is normally not o function of lif coefficient, 
an average experimentel value of damping in pitch can be obtained. The 
variation of this derivative can be attributed to the assumption that 

the variation of the airplane's static stick fixed donsitudinal stability 
for accelerated and unaccelerated flight under the two slipstream condi- 
tions of cv" equal a constant and V equal a constant is negligible, 

The analytical computation for demping in pitch wes evaluated in 
accordance with Reference 2. The total damping in pitch of an airplene 
is the sum of the damping contributions of tho various airplane components. 
In the normal configured airplane the damping due to the tail is by far 
the largest factor. This damping occurs as a direet recult of the chence 
in the effective angle of attack of the tail produced by the vitching 


velocity of the airplane. The change in tail angle of attack is given 





by AxX= 4 « The pitching moment produced by this’ anzle of attack 
is 
C -=--e VY Ae £ 
“ ee 
for which 
oe =—e@Q Vase / 
my ugVve a 
=-_C052)(.7/7Y I) 1 tI FCZ) _ 
(4.75 )(40) 
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This theoretically determined value ia plotted on Fisure 19 to 
facilitete comparison with the experimental curves. This discrepancy 
between the experimental and theoretical results may be due to one or 
more fectors. The errors in the elevetor power have been carricd alone 
in the demping in pitch determinction. 

Another — re 4s the assumption that the cirplane!s 
static stick fixed longitudinal stability remained constant during 
these tests. It was assumed thet the change in elevator angle required 
in accelerated flicht at a varticul«r lift coefficient was due to the 


dampine in pitch of the airplsne. From Rererence 1 it can be shown that 


ee ee Sinf LC, 
SC, es 


cS 
If there is any variation of Ln, the previous nothod of determing the 
demping in piteh is in error, - sehen was made to investigate this 
effect of stability variation by determining the neutral voint for various 
pitching velocities and lift coefficients. This was done by use of the 


previously developed formula 





AS. 
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These neutral points were determined by use of Figure 16. The resulting 
neutral points are shown plotted on Figures 243 and 24. The results 


show an increase of stotic stability as the pitching volocity increases; 





uy 





therefore, the demping derivative determined by the steady state technique 
is high due to this increase of static stability. O45 does not vary 
with static stability, but the process of evaluation introduces errors 
caused by this variation of static stability. | 

A third source of error which may account for part of the discrepancy 
between the theoretical and exverinontal results lies in the theoretical 
calculation itself. The theoretical evaluation considered only the tail 
contribution. No ee made for the demoing contribution 
of the fuselage, wing and propeller. These damping contributions cre very 
difficult to determine ond are usually accounted for by use of a multi- 
plying factor in the tail domping computation. Reference 2 suggests 
thet this multiplier be 1.1 . Some cuthoritative sources in the airplane 
stability field believe that it should be hizher. It is probably merely 
an “educated guess" for the value of this factor, 

Another experinentel evaluation of the domping in pitch was made by 
measuring tho clope of — from Fizure 16 for the value of the See 
factor, The elevator power value wos for : perticular Oy, x, ,/¢ and d@. 
The resultant damping in pitch coefficient is shown plotted on Fisure 21 
for the Xgp/e = 0.368 data. These curves had the same order of arreng en 
ment witn respect to pitching velocity os the elevator power curves. 
The Cade curve from Figure 19 for the same cere position was plotted 
on Figure 20 to make 2 comparison of the results of the two methods. 
Since the acceleration was 1,8¢ for this curve, the value of vitohing 
velocity varied with lift coefficient. The values of pitching velocity 


are shown on Figure 20 for this curve. These values are in their proper 


relative position with respect to the other curves at constant pitching 








velocity except fer 0, = O«7 » This divergence is en end point 
evoluation and could be expected. 

The variation of the damping in vitch coefPicient with pitching 
velocity is showm plotted in Ficure 22 for three lift coefficients, 

From these curves it is obvioue thet damping in pitch has little change 
with pitching ee at a constant lift coefficient, Since Ficure 22 
shows that there is slight veriation of the Caqo With pitching velocity 
and Figure 20 shows that the cege location has little effect, it follows 
thet the variation of Cygg evaluated in this manner nust be due to the 
stcotic stability variations of accelerated and umiccelerated flight. 

The flight test technique for evoluctine the airplena's demping in 
pitch has been outlined ond discussed. The criterion is whether or not 
the method produces results of sufficient accuracy to be vractical. The > 
pilot technique consists of measuring the airspeed, acceleration and 
elevator aiitiess ton with the airplane in a steady benked turn et a con 
st:mt airspeed. These variables can be measured with considerable accuracy 
with proper instrumentation. If the elevator power is accurately known, 
it should be possible to reduce the flight data to a Pairly accurate 
value of 0.4, » The major source of error is the deterninction of 
elevator power as discussed previously. Another source of error is the 
static stability variction introduced by' accelerated flight with pro- 
peller driven airplanes. 

The difficulties encountered in separating the variables and accounte 


ing for the errors do not rule out this technique for obtaining the damping 








velocity except fer @ = Oef « This divergence is an end voint 


La 
evaluation and could be expected. 

The variation of the damping in pitch coefficient with pitching 
velocity is shown plotted in Pigure 22 for three lift coefficients. 
From these curves it is obvious thet damping in piteh has little change 
with pitching yelvenu ot a constant lift coefficient, Since Ficure 22 
shows that there is slight variation of the Cao With pitching velocity 
and Figure 20 shows that the cefe location has little effect, it follows 
thot the varistion of Cygg evalusted in this manner nust be due to the 
static stability voristions of accelerated and uncseceleroted flight. 

The flight test technique for evelucting the airplena's demping in 
pitch has been outlined ond discussed. The criterion is whether or not 
the method produces results of sufficient accuracy to bo practical. The > 
pilot technique consists of measuring the oirspeed, acceleration and 
elevator deflection with the airpleno in a steady benked turn et a con= 
stent airspeed. These variables can be measured with considerable accuragy 
with proper instrumentation. If the elevator power is accurately known, 
it should be possible to reduce the flight data to a fairly aecurate 


value of 0 


md 6 Tho najor source of error isa the determinetion of 


elevator power as discussed previously. Another source of error is the 
static stability varletion introduced by' accelerated flight with pro- 
peller driven airplanese 

The difficulties encountered in separating the variables and account= 


ing for the errors do not rule out this technique for obtaining the damping 








2 





4n piteh of the airplane. The technique requires less reduction of data 
and instrumentation than the frequency resvonso method. It is believed 
thot with good pilot technique, dependable instmmentation and the elin-~ 
ination of as meny of the variables as possible, tne steady state flicht 
testing to determing the damping in pitch derivative is the most accurate 
method for subsonic aircraft. 


Leteral 


a ap cee 


The equations for steady state lateral motion, as develoved in 
Reference 1 and 2, are written below with secondary control actions 


included. 


These equations are the side force, rolling moment end yawing moment equa= 
tions of motien for an arnt ™ a steady lateral menouver. Sinee the 
equations consist of five varicblos, it was n:cescary to eliminete certain 
or the unknowns in order to deterzine the derivatives, The use o? two 
flight tochniquos reduces the mmber of variables to four in each case. 
The straight sideslin maneuver was performed with W=O ; the slidding 
turn wos performed with 6 © O. Ac there are three equetions, solutions 
for the derivatives can be obtained as ratios of the control forces or 


moments involved, 











To find a solution for the derivatives, the primary control moments 


were measured directly. The rudder control power, 0, , was determined 
by introducing a Imown yewing moment about the Zeoxis nnd neasuring the 
change in the rudder angle needed to balance the moment. This derivative 
was obteined by use of the steady sideslin tecnnicue with the airplane 


both "clean" and with the towed drogue. The equation of ecuilibrium for 


this situation is 


C,, 4 aa Cn, & a Cn. Oa % ©, =- O 


low _— DY, Y 


. G56 


Dy sw Drag or drogue 

y = Distence of drogue attachment to Zeaxis, 
The rudder angle needed to balance the yawing moment introduces a rolling 
moment. A smell aileron ancle is needed to restore the equilibrium in roll. 
This slicsht engle is multiplied by « secondary effect and can be neglected. 
The rudder increment measured at =O for the two runs is determined 


from Figures 4 ond 5. The value for Cc, is 
5 


cr 


Ce a A) os ey: Y 


ay 


r 9508. 


= 4/)( 9.075) 
C256 )C/FF)CFF. 96F)C1.9) 


et =e OO/1#+6 f Pegree 


Sa OOD YA radrar, 








An analytical determination was made for rudder power in accordance 


with Reference 2: 





SA 
-~- a uv if 
oe SS % 
= ~ Cose2).6MIAINVE.7TE) ) 
(SCs Crow 


on ew 6 via A/eqgree 
oe . 09/6 f radar 


It is observed that the flicht test and analytical evaluatiom of rudder 
power are in a very close agreement. 

The lateral control power, a was determined by use of a lmown 
rolling moment about the X-axis i meth: the change of cileron angle 
used to restore equilibrium. These steady sideslip technique tests 
were made with the airplane both "clean" ond with the wing weight odded. 
The equrtion for equilibrium for this maneuver is 

C.F ry, & + G & + ©, = O 
0,, = W, ¥/qsb 
Wo © added weight 
y = distonce of weight from X-axis 
The above noted chonce of aileron angle will introduce a yowing nonment 


due to adverse yaw, consequently, a change of rudder angle, This is 


normally a small angle which is multiplied by a secondery control effect; 








28 





therefore, the hs term is dropned. Thus, taldne the sileron increnent 


atg=o for the two runs of Figures 4 and 6, the value for lateral control 


power becomes 


wy 
k ~ ¢ 866, 


$e : 
Sao VCS 6 )ISSNSS.965)(-1.7) 
= +.0045/ degree 
=o. 0656 / radar. 


An anolyticel determination was made for latercl power in accordance 


with Reference 2: 


6 


ay PL 
ae 
Se ate ae ¢e dy 
a 5, b 
3 I43J 
ees) C5) “Ta of 
(SZI)( 54) ania 


ot iO ne 46 / degree 


= ~ee/ yo ae Neola ae) 


By use of charts for estincting 0, from NACA TR 635, this value was found 
&, 


fo" 


to be .1065. It is observed that the flight test and analytical evaluations 
of lateral control power are not in good agreement. Tho enalytical value is 
somewnet high because of orrors due to the strip integration process used. 
A vossible error involved in the flight test value is the disregard of 
adverse yaw effoct. 

An investication was made to deternine the offects of the secondary 


control moments and the effect of the slicht rolling moment introduced 








by the drogue. The following eaquationsef motion are written with the 


subscript (1) for the dropue effect and the subscript (2) for the wing 


weirht effect: 


(a) a6, Cag + Ad, Cig = —- (a Cn) 

(b) a é, Ces Is yy Cy = Ca Gy) 

(0) 25,0, 4 26,C, = O 

9) 26,G,4 26,G = —(aG), 
From Ficures 4 ond 6 it is seen thet no chance of rudder occurred, 


measured ct =o therefore, from equation (¢) the secondary control 


effect, Cea 9 is zero. It is bolieved thet with ao larger wing weight 


a 


some value of adverse yaw might heve been obtained. From equations (a) 

ond (d) it is observed that rudder and aileron power ere as calcul:ted 
previously, Equation (b) is used to evaluate the secondary control 

moment due to rudder angle, A. » The inorements of b,, and oy are 
taken from Pifures 4 and 5. The rolling moment caused by tho drocue 

was determined by ostimating the ancle of the tow line at the lift strut 

to the horizontal reference, Thus.the vertical comnonent of the drocue 
force was established. To this force was edded the weight of the fittings 


on the 117% strut. Therefore, a becomes 
oy 
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= sn Oe 7 y radiarr 








ther evaluation of 0, wos mode by considerin; tho following 
& 


geometric relcationship: 


=, 7 “OO OG / Segree 


OO LTO OA rFad/ar 
The results of the two methods of determing Ce are in good acrecment. 
r 
Using a geometric relationship in a sinilar menner, the secondary 


Gide force derivative can bo determined as follows: 


(Fs. 9a 


G ae COC. ee 00/46) $3 


6, eee 


—=— -~.00 Fey Jegree 
= em £ OF y radyan 
The side force derivative, 0, 9 was obtained Prom the flisht 
is , 
test curves which showed the vari-tion of angle of Bani: and rudder angle 


with straight sideslip, Figure 4, Thus equation (1) becomes 


C,H ="C oo SS, 
4 © of ,, ae 


= — © 562)(.7/) — (.252)(. 4) 
= —-.5398 -.0993 
=) -—- 4909 { r-adsas7. 


By comparison with the magnitudes of other derivatives it is seen thet 


this derivative is very important. 











The dihedral effect of this airplane was determined from the straight 


sideslip menouver with the airplane "clean", Figure 4. Thus equation 


(2) becomes 


ae ce Come 
@ “5, df “5, of 


a Oey iS ae COT ae 47) 


=> —, O56 56 fradian. 


The analytical determination of dihedral effeot, in accordance 
with Reference 2, is 
Cra (GO) FCG) Fa (ae 
4G ba 4 Vv. Fah sf Ay ra 


= —. 000 G06 -. 00O36Z —. 00060 +. OOO0/€E 
——, 0O0/6Z8 / Segree 


=-.093%5 [rad/an 
The flight test and enalytical values of 0, are in fair agreement. 
‘8 


The analytical evalustion contains approxim.tions which make this result 
merely a good estimate, The flight test value micht be low since %. 
is believed to be too small. The airplane does have stable dihedral . 
effect. 

When the longitudinal axis of the airplane is yawed ffom the re= 
lative wind, a yowing moment is created about the Zeaxis. This westher~ 


cocking is roferred to as direotional stability, C, » The direotional 
feo 














stability of this airplane can be determined by use of the straight 


sideslip test data, Figure 4. Thus eoustion (4) becomes 


S aa (Cy Si CG SS, 


Ls ee, 


fe Af %@B 
= —(—. MN Ny, — (0) 


- 4+. 03734 Yh. radvar, 


The anslytical determination of Ong » in aeeordance with Reference 
2, is 


Cn 
JA ore p 


1g = (OG) ing + Co), * Cy) + Cy) tA 


— omnes 00/2) Ta +00 267)4+(000k)t 


ae OOo 9435 / Jeg ree 

—~ OFF Jradvan. 
The analytical and Plight test values agreed better than was expected, 
since the enalytical Lenrciivee contained estimates and the fuselage 
contribution was an empirical determination, The Plight test result 
micht possibly be greater, since me could have a very omall value 
rather than zero as found in this investigetion. The airplane does 


heve directional stability. 


Demping in yaw, C0, , is similar to 0, in that most of the 
r 


de 
domping 1s due to the increase in angle of attack of the vertical tail 


as the airplene is yewed. Evaluction of this derivetive is possible 


by using 2 combination of the straight sideslip and skidding turn equations. 








If the derivative of equation (52. with respect to sideslip, is taken 


for the two Plight techniques and one subtracted from the other, 0, 


Va 


4s determined as follows: 


SS, a. 
C af (ZF sso! = | CO. 
vO be dy 6, 
ya AG 


a | (. #) = (. 58) | 12 00/46) 


oJ, G65 
EO ay eo 


=-—-.00433/ degree 


——— Oe S A FAAIaAaTI 


The derivative ( gs) ; ( » and AVY ove determined from Ficures 4, 
Sf/s5 AB sr SH 


7 and 8 respectively. 


2? 


The analytical determination of 0, , in accordance with Reference 2, 
; r 


is 


Z 
G es Ge ea ee oy &) “i, 
r = “ he b rt 


VSS) (33 965) 


—=—. /8 FZ fp radracr. 


The comparison of the flight test ond analytical results shows a 
reasonable agreement, Poesible sources of errors of the experimental 
values is the determinctions of the slopes involved, The measurement 
of Y versus f data was by ment of directional gyro compass, and this 


is liable to some error, However, sufficient flight data was taken to 


substantiate the resultse 


— . 0247 _@).cs) 42) (13 6) (1) 973 
bf 








The steady state method of detemining the lateral stability de- 
rivetives yiclded results thet were reasonsble. The pllot technique 
used to obtain the date was relatively simple. Instrumentation provided 
accurate measurenent of & , 6, » and p »« The bank angle, D , wos measured 
by en attitude gyro, and 4t is reasonable to oxpect the gyro to precess 
at hich angles of sideslip and de errors in the reading of @. Visual 
recording of flight data rather thon automatic recording devices also 
introduced slight orrors. 

The steady state flight technique produced a very good rudder 
control power value. This result checked very close with the analytical 
determination. As an oa ee, of On » the accepted average 
value is -,001/ derree in accordance with Reference Ze 

Lateral control power, J » found by fliisht test data is possibly 
too small. The analytical wine was much larger than the experimental, 
The undetected adverse yaw effect uight have contributed part of the 
error. However, the only cheek for the Interel control power is the 
anolytiecl determination which is an approxinction. 

The absence of adverse yor in the evaluation of the Plight dato is 
unusuol. A possible reason this was not obteined is that the wing weight 
micht have been too light. With a heavier weight the ailerons would havo 
beon deflected more and possibly produced a measureable adverse yate 
Another reason is that C, is too small to detect with instrmentation 


é 
a 
used. 








The accondery comtrol moment, CG, » was obtained by two methods 
; | 
of flignt data analysis and both are in good agreement. No analytical 
check was made for Cy. and © 4g but the flight test values are believed 
r 


to be reasonoble. The derivetives 0 ng and eS, heve experiments] values 
lower than the anelyticrl deterainections. However, both of these analyti- 
cal caleuletions contnined empirical ostimates in addition to approxinc- 
tions for interference factors. 

Mee Sibestigiein’ value of Cn was compared with en analytical 
determination that considered only the tail and wing demping in yaw. 
This comparison showed a reason-ble arreenent of tho two values. A 


better agreement would result if the damping of the other airplane con- 


ponents wore determined analytically. The cccuracy of the exocrinental 


evaluction depends on how occurste the cloves es. (F » and ie oan 
dfs ss Hf /.r 


ig 


be obtained ° 














CONCLUSIONS 


It is con®luded as 2 result of this investigation thet accurate 
lonsitudinel end lateral stability derivatives can be obtained by the 
non=oscillctory steady stete Plisht technique. The nccuracy of the 
results is necesscrily dependent on the instrumentation and equipment 
used, However, by use of sone imorovised instrments and visual record~ 
ing of dete, reasonable, and in some cases exeellent results were ob- 
tained. 


The elevator power, C » can be detormined accurately from the 


wae 
unaceelerated stick fixed trim curves of the Stinson L-5. The assunp~ 
tion that = = = ceused only about a 5 per cent error in tho 
values determined for Cm, » Slipstrean effects should be enarefully 
analyzed in order thet errors due to varietion of the tail efficlency 
and dowmrash can be minimized. Orn, hed a variation with pitching velo- 
city due to the teil moving throush the slipstrean. 

The demping in vitch, Cm » can be evalu ted accurately fron 


the accelerated stick fixed trim curves. The reliability of the 


0 


ae 


the accounting for the change of static longitudinal stability for the 


evaluation depends upon tho accuracy of the Oni. determined and 


unaccéelerated ond accelerated flight conditions. The theoretical 


determination for 0, should contain a multiplying factor larger than 
de 


l.l as suggested by Referenco 2. 





The lateral stability derivotives determined for this airplane 


are as follows: 


0835S radéari 


0656S radian 
O13 OY radian 
_2030/ radran 
4909/ radian 
T656/ radian 


Cee 7 radar 


Te 4+BO/ radian 


The flight test lateral derivatives compared favorably with analytical 


values for this airplane, with the exception of C, , where the enalyti- 
}, 


On 


cal computation is not too relieble, 








RECOMAENDATIONS 


From the results of this investigation the following recormendations 
are made: 
1. <A further study be made of the effects of tail efficiency 
and downwash on elevator powor. 
‘2. A flight test program should be carried out on the Stinson L-5 
to determine the varietion of static stick fixed longitudinal stability 


for the 0 - = KandV e K cases in order that the steady state 


method of evaluating G. ean be corrected for this effect. 
dé 


4 A further study should be made to determine, for low density 
airplanes, what portion of the total damping in piteh can be cttributed 
to the proneller, wins, and fuselago. 

4, Investicgetions of this n-ture inherontly involve o certain 
degree of danger due to engine failure ct larce angles of sideslip. 


Suitable modifientions should be mode to avoid this difficulty. 
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DIMENSIONS AND DESCRIPTION OF STINSON 


L= AIRPLANE 


Menufacturer Gonsolideted Vultee 
Aircreft Oorporation 


Normal Gross Weicht | 2200 lbs 
Height 10 ft. 10 in. 


Airfoil Section - NAGA 4412 
Chord 4 ft. F in. 
Inoidence 

At Root 

At Tip 
Dihedral 2° 50! 
Span 33 ft. 11.4 in. 
Area (total) 155 sq. i. 
Aspect Ratio | 7 A5 


Ailcron 

Area 16674 oqe ft. 
Span 7 hs 

Chord , 12.1 in. | 
Travel 


Up (from neutral) 26° 0! 


Down (from neutral) eo ly 








Stebiliser 

Area. 21 48. bas “Dee 
Span bl ft. 5.5 Tiae 
Chord 24. ia. 
Incidence :” 30! 





Arec. 15.62 eq. Be, 
Travel | 

Up 23° hs! 

Down 25. byes 





Area. ©.71 sq. MM. 





Area 7.05 aq. Tt. 
Trevel 

Right 20° oO! 

Left 20° oO! 
Fuselare 
Maximum width 42.5 ins 
Meximm height 66.0 ine 
Engine 


Type Iyreoning 0-455-1 
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WEIGHT) aN BALANCE COMPUTATIONS 


Pe 


x 


“Datum Line 


Condition: Oil and fuel tanks full. 
Test equipment installed except as indicated. 


1, Weight: (Airplane weighed in level flight attitude.) 


Scale No. Wheel Gross Weight Tare Net Weight 
¥F263110 Left 869# 1.58 G67 , os 
F263111 Right 867# 2.54 8614.5# 

os . pail 137# 1.54  Ii35aee 
Pilot & Parachute 180# 
Observer & Parachute 210# 
390 


Airplane Take-Off Weight 2257. 5# 
















2. Balance: 


Datum line (reference) .......... . Main gear axed 





Wing chord (MAC ) e e t e e @ @ e e e e ® @ e 57 00 











Root leading edge to datum line ...... 0.25" 
Datum line to tail wheel ......... £181.60" 





Datwe 1iUMOe te pilot . . 2. « «© © © ew ew ew ee Lee 
Datum line to observer .....ee «ee « 49.60" 


Wx L + 
= W 


WwW - 
Yo let tot Obs. Obs, 


W 
7O, Fuel Used 

x = x = 0.25" 

No account was made for minor moments due the airplane c.g. 
shift with respect to the c.g. of the. fuel tanks since the fuel 
tanks were located longitudinally at the mid-c.g. position. 
(a) Forward c.g. position: (#1 c.g.) 


_ 135.5# x 181.6" + 1804 x 13.6" + 210# x 49.6" 
at 2257.5# ~ W 


Fuel Used 
= 37,470.8/2233-5 = 16.78" 


m - los7s" - 0.25" = 
(3), s By das id 


(b) Mid - c.g. position: (#2 c.a@.) 


2a 37,470.8 + oW x Le 
ae 225 7) +oW = Ley Used 


37,470.8 + 36.064 x 163.3" 


= 43,358.8/2269.5 = 19.10" 


Toyo OF25 Oo 
> ae 


at 





& 


fi) Ate c.e. position: (F353 een 


Bi OaG Hh iC9.Oee ex 163.3" 


es 225765 + 69.62 — Mee! ee 
48 ,839.7/2303.1 PALS Ale Ke 


— 22.20" 0.25" = 0.368 
C.Q). 23 by ‘ 


Qi! 


( 


Miscsllaneous: 
Drogue sleeve 34 
Complete drag measuring equipment and fittings 13# 
Wine weight and fittings 30# 9oz 


Dummy weight and fittings 1# 9Joz 


APPENDIX If 


LIST OF SYMBOLS AND CONV=INTTOUS 


Equivalent airplene spoed (moh) 
True cirsveed (fos) 

Airplane weight (lbs) 

Wing area ( sc. ft.) 

Wing span (ft) 

Mean acrodynanic chord (ft) 
Tail eroa ( oa. ft.) 


Tail lenecth (c.g. to serodynenic 
center of horisontal toil) (ft) 


Tail volume coefficient (8,1,/5,,¢) 


Tail leneth (c.g. to nerodyns-ic 
center of vertical tail) (24) 


Vortical tail centroid to X-axis (ft) 


Qhord lengths of c.g. aft of wing 
leading edge (ft) 


Ohord lengths of c.g. fwd of o.c. (ft) 
Elevator angle (desrees) 

Aileron ancle (derrees) 

Rudder angle (degrees) 

Sideslip ongle (derreos) 

Yew ancle (dogrecs) 

Bank angle (degrees) 

Time rate of yow ( degrees/sec) 
Airplane lift coefficient 


Wing lift coefficient 


5 


Slove of horizontal tail lift curve 
Slope of vertical tail lift curve 
Slopve of wing lift curve 

Dynamic pressure (lbs/aq ft) 

Nomal ecceleration in units of "g" 
Acceleration of cravity (32.2 ft/sec) 
Tail efficieney factor 
Elevator effectiveness (f=) 

Airplane time charnoteristic mia sVv 
Aiyvplane rolative density | Mp se 
Angle of pitch 

Overator Td) 

Elevator control power derivative 
Demping in pitch derivetive 

Side force derivative 

Directionnl stability derivative 
Dihedral effeot derivetive 

Yay damping dorivative 

Ruider control vover derivative 
AiSleron control rower derivative 


Side forec dave to derivotive 


‘Roll domping derivative 


Secondery rudder derivative 


Secondary aileron derivative 


Axis systen ond convention used: (see Ref. 1, page 376) 
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